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4 DABWDQBM-'Aln) HUMAN LIFE 

,•*•••'••*•* ... 
should b&. acraedt' irom scientinc disconise, it may 

be said'thiECt'no other man of science has influenced 

. ther-. fraiiiework of human thought as Darwin has 

.•\"-->ibrie. We propose, first of all, to recall very briefly 

: '• the leading facts of his life. 

Darwin's inheritance must have given him a 
scientific bent. His grandfather, Erasmus Darwin, 
the author of " Zoonomia " (1794) was a thoughtful 
evolutionist ; his father, Robert Waring Darwin, 
also a physician, had an unusually keen faculty 
of observation ; his mother was a daughter of 
Josiah Wedgwood, the founder of the famous 
pottery works ; and it may be further noted that 
Sir Francis Galton is Darwin's cousin. In addi- 
tion to actual inheritance, there was another 
influence which would tend to direct Darwin's 
mind towards science, namely, the scientific atmo- 
sphere and tradition of his home. 

As a boy Darwin was strong and active ; he 
was fond of open-air life, and he made nothing 
of the classical school to which he was sent. In 
1825 he went with his brother to Edinburgh with 
the purpose of studying medicine ; but he found 
the lectures " intolerably dull " and made little 
of them. He got to know several naturalists, 
however, and made his first discovery — ^in regard 
to the development of the sea-mat (Flitstra). After 
two sessions at Edinburgh he went to Cambridge 
with the vague view of becoming a clergyman ; but 
of this period he writes : " During the three years 
which I spent at Cambridge my time was wasted, 
so far as academical studies were concerned, as 
completely as at Edinburgh and at schooL" 

During his stay at Cambridge he kept up his 
boyish beetle-collecting and indulged his fondness 
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Tennyson's "In Memoriam/' which was written 
before " The Origin of Species." The poet speaka 
of Nature " red in tooth and claw with ravine '* ; 
" so careless of the single life '' ; " of fifty/* or ^ 
(as he afterwards suggested) ^' of myriad seeds j 
she often brings but one to bear/' But it is certain ! 
that no one before Darwin realised the length - 
and breadth, the height and depth, of the struggle ; 
for existence. His realisation of it is " bi^er " ; 
than that of most of his successors. Darwin 
recognised the struggle between Fellows, the 
struggle between Foes, and the struggle be- 
tween Living Creatures and the Physical Forces. 
(a) There is cannibalism in the cradle in the 
egg-capsules of the buckie and the dog-whelk ; 
locust may eat locust when the worst comes to 
the worst; stag may fight to the death with 
stag in the forest clearing; certain mountain- 
varieties of sheep will starve out other mountain- 
varieties ; the sister seedlings compete together 
in the plot : that is Struggle between Fellows. We 
may extend this category of competition between 
individuals of the same species to include com- 
petition between individuals of nearly related 
species, though what is involved in the step should 
be carefully noticed. If we make the e:rtension, 
however, we include Darwin's well-known case 
of brown rat versus black rat. The other illus- 
trations he gave concerned two kinds of thrush, 
two kinds of swallow, two kinds of cockroach, and 
two kinds of charlock, (b) Secondly, the world 
is full of competition and struggle between living 
creatures not nearly related to one another — 
between fox and hare, between stoat and rabbit, 
between mongoose and snake, and so on, end- 
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a family or of a species are not bom alike : soms 
have quaUties which give them a Uttle advantage 
both as to hunger and as to love ; others are 
relatively handicapped. We may not understand 
their origin, but we know that useful variations 
occur. 

(2) A struggle for existence is also a fact of 
life— a struggle for existence in an intricate 
web of interrelations. It operates whenever there 
is disturbance of equilibrium or clashing of inter- 
ests, whenever the living creature makes effective 
responses to the limitations closing in upon it. 

(3) In certain forms of the struggle for existence 
the relativelv less fit forms are eliminated, which 
does not necessarily mean that they come at 
once to a violent end, but often simply that they 
die before the average time and are less successful 
than their neighbours as regards their offspring. 
The result is that the relatively more fit tend 
to survive, and to become the majority. The fit- 
ness may refer to the whole constitution, or to a 
particular character. 

(4) As many variations are transmitted from 
generation to generation, and may, through the 
pairing of similar or suitable mates, be gradually 
increased in amount, the eliminative or selective 
process, if discriminate, consistent, and sustained, 
will work towards the establishment of new 
adaptations and new species. Natural Selection is 
Nature's process of singling and sifting for parent- 
hood by the discriminate eliminationof the relatively 
less fit to the given conditions. 

Take, in the meantime, just one illustration. 
In Dublin Bay there is a sandy island, about 
120 years old. It is frequented by a light-coloured 
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that the theory of evolution suggests a modal 
interpretation within the scientific universe of 
discourse, while the other view gives up even ' 
the possibility of scientific re-description, and 
suggests a transcendental formula as alone possible. 
It is quite certain that there is no manner of " 
use in pitting a scientific formula against a trans- 
cendental one: that always means a false anti- 
thesis and intellectual fog. They are incom- 
mensurables. The true antithesis is between a 
scientific interpretation and maintaining that it 
is impossible to give one. 

There is an intricate, beautiful, rational pattern 
before us in nature : are we to think of it as woven, 
thread by thread, by invisible hands in a way 
past finding out scientifically; or was there so 
much mind put into the original institution of 
things — ^an apparently simple loom — ^that thence- 
forth the web has been worked out automatically 
in a manner that admits of scientific formulation ? 
When we finally discover that the doctrine of 
descent and all the theories of evolution do not 
fundamentally explain what they formulate,^ we 



^ This expresses the common view that science is re-deeoription 
in "simpler terms'* — which, however, are not themselves "ex- 
plained.** In regard to complexities such as development and 
behaviour we formulate sequences, but we cannot flatter ourselves 
that our notations are more than 83rmboIs of the realities. In 
his " L*£ volution Cr^trice,** Prof. Henri Bergson states this 
position (which he does not hold) in the following sentence : 
" Ce n'est plus la r^lit^ mdme, dit-oUe, qu*elle recomposera, mais 
seulement une imitation du r6el, ou plut^t, une image s3rmboliquo • 
reesenoe des choees nous 6chappe et nous 6chappera toujours, nous 
nous mouvons parmi des relations, Tabsolu n*est pas de notrs 
lessort, arrdtons-nous devant Tlnoonnaissable." For an expodtioQ 
ol this scientific position see " The Bible of Nature," by J. Arthur 
ThomMo (190S). 
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tiges buried deep below the surface. The whale- 
bone whale has two sets of teeth which never cut 
the gum, their place being taken by baleen plates. 
The New Zealand Kiwi has minute traces of wings, 
the limbless slow-worm has a rudimentary pectoral 
girdle, man has scores of vestiges, such as the 
third eyeUd or the ear-moving muscles. Darwin 
compared these vestiges to the unsounded letters 
in many words, such as the "o" in leopardf 
the " b '* in doubt, the " g " in reign, which are 
quite functionless, but tell us something abou^ 
the history of the words. 

(e) It is a simple but eloquent fact that tb6 
geological record in the fossil-bearing rocks sho^^ 
the gradual appearance of higher and high^or 
forms. At a certain stage in the history of the 
earth all the animals were Invertebrates; then 
fishes appeared, then amphibians, then reptil^^, 
then birds and mammals. As the ages have 
passed, Ufe has been slowly creeping upwards. 
The rock-record corresponds in its sequences 
with those deducible from comparative anatoi^y 
and embryology. 

Furthermore, the rock-record reveals quite a 
number of connecting links, such as ArchcBopteryx, 
the oldest known bird, which has some distinctly 
reptilian features, and a larger number of generalise 
types, such as Phenacodtis^ one of the ancestors 
of the horse lineage, which bind together several 
subsequently specialised families, or even orders. 

In certain cases, where fossils have been ob- 
tained from successive strata, the palaeontological 
series is wonderfully complete, and the various 
stages in the evolution of tooth, or Umb, or shell 
appear like the stages in individual development. 
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(VI) Thb Desoent and Ascent of Man.— « 
What do we owe to Darmn? A recognition of 
man's solidarity with the rest of creation, of his 
affiliation to a Simian stock. In the cumulative 
argument of the " Descent of Man," Darwin 
disclosed the rock whence he was hewn and the 
pit whence he was digged, showing, not exactly 
that ** man sprang from a monkey," as the vulgar 
idea is, but that man and anthropoid apes are 
collateral branches from a common Primate stock 
which remains hidden in obscurity. 

Darwin gave details of the all-pervading simi- 
litude of structure between man and the anthropoid 
apes, to which the researches of recent years 
have added such striking items as a sameness 
in blood-reaction to Friedenthars test. He showed 
how we carry about with us a museum of relics 
indicative of our ancestry — ^a museum whose 
catalogue now amounts, according to Wiedersheim, 
to about a hundred items. The anatomical re- 
semblances between adult man and adult apes 
are associated with even closer resemblances in 
the embryos, and gain additional significance 
when we take into account the scanty skeletal 
remains of primitive man, the lower races of 
men, and the occurrence of almost sub-human 
types occasionally born in times of distress. 
The affiliation applies to mind as well as 
body, for there is an ever-growing mass of 

tiona) from ohangi's impoaed from without (extrinsic modifioationB). 
Young •tAges of a languago show embryonic features* Just as 
languages that have hwn evolving for centuries show vestigial 
structures, such as the familiar uuMmndod letters in words. There 
are fossil hinguagi^i. just as tlicre are fossil species. Both in 
languages and in s|iecies we can reoi^gnise the operation of selectiTO 
processes and the elleot of IsolatioiL 
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of Species/' Sir FranciB Galton has told ua th 
his dominant feeling was one of freedom. 

For one must remember that Darwin attack 
a whole series of problems which, for most 
his contemporaries, were either insoluble mysteri 
or a preserve for transcendental interpretatio: 
" Evolution/' Prof. Bateson sajrs, " is a proce 
of variation and heredity. The older writer 
though they had some vague idea that it mui 
be so, did not study variation and heredity 
Darwin did, and so begat, not a theory, but 
science.'' ^ He showed that the deeper mysterie 
of life were in a measure accessible to the scientifi 
method. He won freedom for the application o 
the evolution formula to man as well as to othe 
creatures, and not only to his body, but to his 
emotions and behaviour. He was one of tin 
founders of genetic psychology, which, though 
still hardly above the ground, is destined to 
make for the growing freedom of the human 
spirit. We mean not merely intellectual freedom 
from obscurity, but a practical freedom as well ; 
for in regard to the mind, as well as the body, 
Darvrin set a-going a kind of inquiry into individual 
development and racial evolution, into variation 
and heredity, which promises to give us a firmer 
control of life. We are only beginning to realise 
that the truth which is in Darwinism shares with 
all truth the power of making us free. 

Darwin gave men confidence in the interpre- 
tative value of the evolution formula, which 
makes the present less obscure by throwing on 
it the light of the past, and every one knows how 
the interpretation has been applied to mind, 

^ ''DtfwmaDdBlodemSoieaoo.'*(1909},p.88. 
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of the scientific mood» and Darwin's iUusfacatk 
of them. 

In his stimulating presidential address at tl 
meeting of the British Association at Dover : 
1899, Sir Michael Foster discussed the distincti^ 
features of the scientific spirit — of which he wi 
himself a fine embodiment. His answer was tlu 
the features of the fruitful scientific mood ai 
in the main three — ^truthfulness, alertness, an 
courage. (1) '" The seeker after truth must him 
self be truthful — ^truthful with the truthfulness c 
nature." (2) "He must be alert of mind, eve 
on the watch, ready at once to lay hold of Nature' 
hint, however small; to listen to her whispei 
however low." (3) " Scientific mquiry has need o 
the moral quality of courage — ^not so much th( 
courage which helps a man to face a sudden 
difficulty, as the courage of steadfast endurance." 
To the objection that truthfulness, alertness, and 
courage are virtues belonging to almost every one 
who has commanded or deserved success. Sir 
Michael answered : '" That is exactly what I 
w^ould desire to insist, that men of science have 
no peculiar \artues, no special powers. They are 
ordinary men, their characters are common, even 
commonplace. Science, as Huxley said, is organ- 
ised common sense, and men of science are common 
men, drilled in the wa3rs of common sense." 

Characteristics op Scientific Mood : Passion 
AND Reverence for Facts.— But let us consider 
the scientific mood more analytically. The first 
characteristic of the scientific mood is a passion 
and reverence for facts. Long ago Bacon said : 
'*We should accustom ourselves to things them- 
selves " ; and to distinguish between appearance 
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Fiof. Earl Pearson says, in his '' Grammar ol 

Science/' that the scientific method is marked by 
the following features : '" (a) careful and accurate 
classification of facts and observation of then 
correlation and sequence ; (6) the discovery d 
scientific laws by aid of the creative imagination; 
and (c) self-criticism and the final touchstone d 
equal validity for all normally constituted minds." 
The writer had Darwin as well as Newton in 
mind when he framed this useful definition. 

Darwin on his own Success. — ^No one who has 
read Darwin's " Autobiography " can forget how 
he himself deals with the question of his success, 
'" My success as a man of science, whatever this 
may have amounted to, has been determined, as 
far as I can judge, by complex and diversified 
mental qualities and conditions. Of these, the 
most important have been — the love of science, 
unboimded patience in long reflecting over any 
subject, industry in observing and collecting facts, 
and a fair share of invention as well as of common 
sense. With such moderate abilities as I possess, 
it is truly surprising that I should have influenced 
to a considerable extent the belief of scientific 
men on some important points." 

Darwin's Achievements. — Let us turn from 
that humility of greatness once more to the actual 
achievement. The idea of organic evolution, older 
than Aristotle, slowly developed from the stage 
of suggestion to the stage of verification, and 
the first convincing verification was Darwin's ; 
from being an a priori anticipation it has become 
a detailed interpretation of nature, and Darwin 
is still the chief interpreter ; from being a modal 
interpretation of the manner in which living 
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must take account of the development of pliilih 
sophioal thought — for instance in Herder, Eant^ 
and Ilogel ; vre should also, if we are wise enouj^ 
considor social changes. In short, we must abandon 
the idea that we can understand a great step 
like the acceptance of the evolutionist outlook 
without getting beyond the individual prophet, 
without associating his work with contemporaiy 
ovohition in other departments of activity. The 
man and the moment must agree, and, as I^fessor 
R. M. Wenley says in this very connection, " genius 
rarely achieves supremacy without the co-operant 
* social mind/'* 

There is a risk of attaching too much importance 
to the force of individual effort on the one hand, 
and to the ripening of public opinion on the other. 
The storm of opposition roused by the publication 
of " The Origin of Species " shows how far the 
time was from being ripe. To say, as Samuel 
Butler said, "' BufFon planted, Erasmus Darwin and 
Lamarck watered, but it was Mr. Darwin who 
said ' That fruit is ripe ' and shook it into his 
lap,'' seems to us as wilful a perversion of historical 
fact as that other statement by the same ingenious 
and often well-advised critic, " Darwin was heir to 
a discredited truth, and left behind him an ac- 
credited fallacy." Much more accurate is Huxley's 
fine pronouncement ^ : " None have fought better, 
and none have been more fortunate, than Charles 
Darwin. He found a great truth trodden underfoot, 
reviled by bigots, and ridiculed by all the world ; he 
lived long enough to see it, chiefly by his own efforts, 
irrefragably established in science." That the time 
was far from ripe is shown by Darwin's foreboding : 

I '< DarwiniaiiA,*' p. 247 
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itself like a slow incoming tide in men's mindsi 
and that the scientific spirit had ripened since 
the days when Cuvier laughed Lamarck out of 
court, but we must still ask, more personally, how 
it was that Darwin succeeded so welL There aie 
several answers. 

Because, in the first place, he had clear visions — 
pensies de la jeunesse, exicutees par Vdge mur — 
which a University curriculum had not made 
impossible, which the Beagle voyage — ^a Columbus 
voyage that discovered a new world — ^had made 
vivid, which an unrivalled British doggedncss 
made real — ^visions of the web of life, of the fountain 
of change within the organism, of the struggle for 
existence, of discriminate winnowing or selection, 
and of the spreading genealogical tree. 

Because, in the second place, he put so much 
grit into the verification of his visions, forcing 
them to the proof in an argument which is, of 
its kind — direct demonstration being out of the 
question — quite unequalled. 

Because, in the third place, he broke down 
the opposition which the most scientific had felt 
to the seductive modal formula of evolution, by 
bringing forward a more plausible theory of the 
process than had been previously suggested. Nor 
can one forget, since questions of this magnitude 
are human and not merely academic, that Darwin 
wrote, of his condescension, so that all men could 
understand. 

As Mr. Arthur Balfour recently said : '' Charles 
Darwin's performances have now become part 
of the common intellectual inheritance of every 
man of education, wherever he lives or whatever 
bis occupation or trade in life. To him we tracoi 



42 DARWINISM AND HUMAN UFB 

Bat, once thereon zeset, 'tis like a tree. 
Sap-swollen in spring-time : bonds may not restrain J i 
Nor weight repress ; its rootlets rend in twain 
Dead stones and walls and rocks resistlessly. 

Thine, then, it was to touch dead thoughts to eartli. 
Till of old dreams sprang new philosophies. 
From visions systems, and beneath thy spell 
Swiftly uprose, like magic palaces, — 
Thyself half -conscious only of thy worth- 
Calm priest of a tremendous oracle I 
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Huxley compaied a living cieatoie to a whirlpool 
in a river; it is always changing, yet always 
apparently the same ; matter and energy stream 
in and stream out ; the whirlpool has an individu- 
aUty and a certain imity, yet it is wholly dependent 
upon the surrounding currents. One may push 
the whirlpool metaphor too far, so as to give a 
false simplicity to the facts, for when vital whirl- 
pools began to be there also emerged what cannot 
be discerned in crystal or dewdxop-the wiU 
to live, a capacity of persistent experience, and 
the power of giving rise to other Uves. To ignore 
this is to attempt a falsely simple natural history. 
But what Huxley's metaphor of the whirlpool 
does vividly express is the dependence of living 
creatures on their surroundings. We cannot imder- 
stand either the whirlpool or the trout apart from 
the stream. 

When we think out this fundamental dependence 
upon surroundings, we see, for instance, that all 
our supplies of energy, all our powers of every 
kind — with our own hands, or by the use of animals, 
or by means of machinery — are traceable to the 
sun. Or again, it is easy to show that our society 
depends fundamentally not on gold, but on iron. 
We depend for food on plants and animals, and 
through these animals on plants ultimately; 
the plants feed upon air, water, and salts, which, 
with the aid of the energy of the sunlight, thej 
build up into complex organic compounds ; they 
cannot do this unless the sun shines through a 
screen of green pigment called chlorophyll ; there 
cannot be chlorophyll without iron ; therefore our 
whole social framework is foimded on iron. 

NuTBinvB Chains. — ^Plants feed on their in- 
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food for minute InfuBorians, whicli multiply bo 
rapidly that there may be a million from one in 
a week's time. 4. cataract of Infusorians over- 
flowed from box to pond, and^the water-fleas and 
other small fry gathered at the foot of the fall 
and multiplied exceedingly. Thus the fishes were 
fed, and, as fish-flesh is said to be good for the 
brain, we can trace a nexus from mud to clear 
thinking. What was in the mud became part of 
the Infusorian, which became part of the Crus- 
tacean, which became part of the fish, which 
became part of the man. And it is thus that 
the world goes round. 

Correlation between Catches of Mackerel 
AND Amount of Spring Sunlight. — ^A curious and 
most interesting correlation has been discovered 
by Dr. E. J. Allen between catches of mackerel 
and the amoimt of sunlight/ The more sunshine 
in May, the more mackerel at Billingsgate. How 
does this work out ? Mr. G. E. Bullen * shows 
that " for the years 1903-1907 there appears to 
be a correlation between the number of mackerel 
taken during May and the amoimt of Copepod 
plankton, upon which the mackerel feed, taken 
in the neighbourhood of the mackerel fishing 
grounds during the same month.*' Mr. W. J. 
Dakin ^ shows that the food of Copepods consists 
largely of the vegetable organisms of the plankton, 
such as diatoms, and of Infusorian-Uke organisms 
called PeridinidsB. But the production of this 
microscopic plankton, the " stock '* of the "sea- 
soup/* depends partly on the composition of the 

^ Joum. Marine BioL Assoc (1900), voL viiL p. 394. 

1 Ibid. p. 209. 

• JnknaL B$vu€ EydnlMogie (1006), toL L 
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phiase Bums op. This is the moze desizable mMi 

there is often tyranny in a phrase, especially when 
it is misunderstood. Are we sure that we unde> 
stand what the struggle for existence means! 
Are we clear that it means much more than the 
bare words suggest ? Do we understand that 
the phrase is a biological formula which has at 
the same time the misfortune of being an anthro- 
pomorphic metaphor ? 

From ancient days there had been a recognition 
of a struggle in nature — ^we find the idea expressed 
by Aristotle and by Lucretius, and more definitely 
by several of the pioneers of modem evolution 
theory — but it was Darwin who first realised its 
length and breadth, its height and depth, and, 
what is more, its dynamic significance.^ 

The Anthropomorphism op the Idea. — ^In 
trying to understand the past and present of 
living creatures naturalists have followed with 
some success two very different methods, which 
seem opposed to one another, but are rather 
complementary. The one method is to inquire 
into the material machinery of vital activity, to 
throw on the puzzling drama of life the light of 
chemistry and physics. This is a soimd method 
as far as it goes. The celery is blanched because 

^ It is interesting to notice how often Tennyson turns to certain 
aspects of the struggle for existence, as when he speaks of Nature 
" rod in tooth and claw with ravine/' '* So careless of the single 
life*" or in the well-known lines : 

*' For life is not as idle ore ; 

But iron dug from central gloom, 
And heated hot with burning fears. 
And dip*t in baths of hissing toart* 

And battered by the ahoolu of doom 

To shape and uae." 
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worsted them or tamed them, that he has mfled 
out the wholesome from the poisonous plants, that 
cowering and crouching for ages, he has watched 
the forces of nature till he has mastered their 
secrets, that he has been to his fellows since the 
beginning the strangest mixture of self-assertivenesB 
and sympathy, that he has kept up an age-long 
endeavour after well-being — always at his best 
when rowing hard against the stream. 

The formula, " struggle for existence," familiar 
in human afFairs, was used by Darwin in his 
interpretation of organic Ufe, and he showed that 
we gain clearness in our outlook on animate 
nature if we recognise there, in continual process, 
a struggle for existence not merely analogous 
to, but fundamentally the same as that which 
goes on in human life. He projected on organic 
Ufe a sociological idea, and showed that it fitted. 
But while he thus vindicated the relevancy and 
utility of the sociological idea within the biological 
realm, he declared explicitly that the phrase 
" struggle for existence " was meant to be a 
shorthand formula,* summing up a vast variety 
of strife and endeavour, of thrust and parry, of 
action and reaction. The idea has been better 
realised by naturalists than by the severer labora- 
tory specialists. " It was certainly no chance," 
Weismann says, " that the struggle for exist- 
ence first revealed itself to men who had spent 
the greater part of their Uves in the open air." 
Similarly, Prof. Poulton suggests that the main 
reason why Huxley never appreciated the theory 

* " For words are wise mcn*B counters — they do but reckon by 
thorn ; but thoy are the mono^ of fools." Hobbos, " L4)viatUaQ«*' 
yi, I., ch. iv^ 
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of those fittest for the particnlu ocmdituBl^ 
The struggle may be for food, or foothold, or 
breathing-space, or what is sought after may be 
a luxury, as is seen in the wild stampede of the 
reindeer when the longing to visit the salt sea- 
shore becomes irresistible — many are overthrown 
and trampled in the mad rush. 

As an instance of keen struggle between nearly 
related species, Darwin referred to the combata 
of rats. The black rat was in possession of many 
European towns before the brown rat crossed 
the Volga in 1727 ; whenever the brown rat 
arrived the black rat had to go to the walL Thus 
at the present day there are practically no black 
rats in Great Britain. Here the struggle for 
existence is again directly competitive. It is 
difficult to separate oS the stniggle for food and 
foothold from the struggle for mates, and it seems 
clearest to include here the battles of the stags 
and the capercailzies, or the extraordinary lek 
of the blackcock — showing off their beauty at 
sun-rise on the hills. 

(6) Struggle between Foes. — In the locust swarm 
and in the rats' combats there is competition 
between fellows of the same or nearly related 
species, but the struggle for existence includes 
much wider antipathies. We see it between foes 
of entirely different nature, between carnivores 
and herbivores, between birds of prey and small 
mammals. In both these cases there may be a 
stand-up fight, for instance between wolf and 
stag, or between hawk and ermine; but neither 
the logic nor the biology of the process is different 
when all the fight is on one side. As the lenmiings, 
which have over*populated the Scandinavian 
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would, at the end of Buznnmry weigh down fhe 

population of Cliina. 

The common house-fly lays eggs in batches of 
120 to 150 at a time, and may lay five or six of 
these batches during its life — of about thiee weeks 
in very hot weather. At the end of summer, if all 
developed, and if there were six generations, the 
progeny of a single pair, pressed together into a 
solid mass, would occupy a space of something like 
a quarter of a million cubic feet, allowing 200,000 
flies to a cubit foot. There is no real increase, 
hence the mortaUty must be prodigious. 

The intensity of the struggle can be inferred 
from the rate of increase. If there is slow multi- 
plication and yet no falling ofi in the number of 
adults, there is no keen struggle for existence. If 
there is rapid multiplication and yet no increase 
in the number of adults, there must be a keen 
struggle for existence. It is useful to think over 
the simple equation : the number produced minus 
the number eliminated equals the normal number 
of adults. 

(6) Another reason follows from the pattern of 
the web of life — there are nutritive chains, one 
organism depending on another for its food-supply. 
Indeed, the struggle that strikes us most is that 
which follows from the obvious fact that many 
animals prefer to be carnivorous. There is a good 
deal of the conjugation of the verb " To eat " in 
life, and the objection to be eaten is as natural 
to some animals as the desire to cat is to others. 

(c) A third reason for struggle is to be found 
in the irregular changefulness of the physical 
environment. Give an animal time, and it may 
become marvellously well adapted to its surround- 
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being that any wedge tb 
blows would at once me above the rest Bi 
the comparison to wedges is inadequate ; n 
have to think of Hving wedges with a will o 
tJieii own — a will to rise, and then we have go 
nearer the idea of the struggle for existence 
The same idea is suggested by Darwin's txtm 
ordinary sentence : " It may metaphorically Ix 
said that natural selection is daily and houilj 
scrutinising throughout the world the slightest 
variations." 

The Other Side of the Struggle for Exist* 
ENCE. — K we are right in our wide interpretation 
of the concept " struggle for existence," which 
we maintain to be Darwin's, though many biolo- 
gists, such as Sir E. Ray Lankester, say it is not, 
then we can pass in a more logical way than here- 
tofore to what has sometimes been called the other 
side of the struggle for existence : to a recognition of 
the love of mates, parental sacrifice, filial afEection,  
the kindliness of kindred, gregariousness, sociaUty, 
co-operation, mutual aid, and altruism generally. 
These are facts of life, though we may differ as to 
the precise psycholo^col terms to be used in 
describing them. The business of life, all through, 
includes care for others as well as care for self. As 
Herbert Spencer says : " K we define altruism as 
being all action which, in the normal course of 
things, benefits others instead of benefiting self, 
then, from the dawn of Ufe, altruism has been no 
less essential than egoism. Though primarily it 
is dependent on egoism, yet secondarily egoism 
is dependent on it." " Self-sacrifice is no less 
primordial than self-preservation." As has been 
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to Btro^lfl to keep thor fo 
of the careless physical en 
also struggles for mates and for the sake of off- 
spring. Which of these endeavours is the struggle 
for existence ? Bach and all. For the real mean-^ 
ing of the phrase is to be found, not in picturing: 
this or that kind of struggle or endeavoar, butj 
rather in the general idea of living organiamat 
asserting themselves against limitations and diffi*! 
culties, partly no doubt due to their immediate ) 
competitors of the same kin or even £amily, but 
by no means restricted to this. 

Our thesis is that progress depends on much 
more than a squabble around the platter ; that the 
stru^le for existence is far more than an inter- 
necine competition at the margin of subBistence ; 
that it includes all the multitudinous efforts for self 
and others between the poles of love and hunger ; 
that it comprises all the endeavours of mate for 
mate, of parent for offspring, of kin for kin, as well 
as every detail of self-assertivencss ; that existence 
for many an animal means the well-being of a ' 
socially bound or Idn-bound organism in a social 
mUieu ; that egoism is not satisfied until it becomes 
altruistic. 

Appucation op the Concept to Human Life. 
— What has the Darwinian conception of the 
struggle for existence to do with human life 1 

(1) If Nature has any particular word to say 
to man that word is Endeavour. All through the 
ages we may see Nature's condemnation of " the 
unUt lamp and the ungirt loin." Nature is all for 
efficiency, and down on slackness. 

(2) It has to be admitted, however, that, at 
juncture after jtmctuie, Nature often the altoma- 
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greatly changed, becoming less and less literal, less 
and less sustained. It is seldom allowed to work 
out to a finish, as it does in the animal world. As 
this is apt to result in a state of affairs in which 
the superior are defrauded of the rewards of superi- 
ority and the inferior are not mulcted for their 
inferiority — ^an unnatural state of aflEairs — ^it be- 
hoves man to secure that the literal struggle for 
existence is replaced by an endeavour aftev 
well-being, which will continue in a subtler, more 
rational, more humane form the automatic singling 
and sifting which goes on in Nature. ' 



CHAPTEB IV 

THE RAW MATERIALS OF 
EVOLUTION 
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the variability account af 
to it, scarce waiting to see whether theii chequ 
were honoured. A lesson might have been talcs 
from Darwin's painstaking study (1868) of vana 
tions in domesticated animals and cnltivata 
plants, or from Mr. J. A. Allen's pioneer worl 
(1871) in measuring American birds, bat tb 
vice of simply postulating variations when the} 
were wanted for theoretical purpose persisted 
and has been wide-spread for fifty years. 

In the preface to his " Materials for the Study 
of Variation " (1894), Bateson wrote : " We are 
continually stopped by such phrases as, ' if such 
and such a variation then took place and was 
favourable,' or, ' we may easily suppose circum- 
stances in which such and such a variation, if 
it occurred, might be beneficial,' and the like. 
The whole argument is based on such assumptions 
as these — assumptions which, were they found 
in the arguments of Paley or of Butler, we coold 
not too scornfully ridicule. ... If we had before 
us the facts of variation there would be a body 
of evidence to which, in these matters of doubt, 
we could appeal. We should no longer say ' // 
variation take place in such a way,' or ' // such 
a variation were possible ' ; we should, on the 
contrary, be able to say, ' Since variation does, 
01 at least may, take place in such a way,' 
' Since such and such a variation is possible,* 
and we should be expected to quote a case, or 
cases, of such occurrence as an observed fact." 

In the most general terms it may be said that 
one of the greatest steps of progress in evolution- 
lore since Darwin's day has been the accumulation 
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_.-J5id^?idiial representatives o: 

':.&{' American birds, and found that, as i^aid 
important points, e.g, length of bill and lengd 
of wing, birds of the same sex and season, caagb 
at the same place, on the same day, BhowK 
numerous variations, often large in amount. " ^ 
facts of the case," Mr. Allen says, " show t^t 
variation of from 15 to 20 per cent, in genual 
size, and an equal degree of variation in the relafdve 
size of different parts, may be ordinarily expected 
among specimens of the same species and sex 
taken at the same locality, while in some cases 
the variation is even greater than this." 

(2) Proportion between Frequency and Amount 
of Variations. — Another fact has been made clear 
in regard to variations: there is a proportion 
between the frequency of a particular change 
and the amount of its departure from the mean 
of the character in question. In other words, 
the variations, when plotted out, show what is 
called the Curve of Frequency of Error.' In 

' Qiietelet (IS46) ihowed that variation followed tha Uw of 
fi«quenoy of error, tlie mathcmntical o.iproasion of which ww 
diBCOverod by Gauss. Sir Jolui Hcrachel. in illtist rating this, took 
the ca«o of a riflemnn aiming at a target. " It was poiated out 
that, irrcspoctivo of the skill of the rifleman, the ehota, after a 
large number of triala, would Im aggregated moat thickly about 
the centre of tlic target, and would be more and more thinly seat- 
t«ted tlie fnrtber the distance became from the centre of the target. 
The only difference betwoea the taigeta of a good and of a bad 
rifleman is that in the former caae the total area which contaioa 
all the shots would be amalter than in the latter cane. But in 
each oaao (ho centre of the area wonid coincide with the centre 
nf the target, and the dlBtribution of ahota within the area wonId 
be aimilar. The explanation of thia result reati upon the dr- 
cumitonoe that, each time the rifleman takes aim, a number of 
faotgn oona into openUon, twiding to distuib the ooneotaess 
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varies, in many cases, as a unity, not in tt 
comer and that — ^like a machine that is perfeeh 
by the accumulation of little patents, — ^but throng 
and through and all at once. As Darwin pomte 
out, there is a " correlation of variations." Oi 
change brings another in its train, and the on 
that is for the time most important may evolv 
another much more important. Thus a variatirH 
too small in itself to be of value may be carriet 
over the dead point into effectiveness because it 
is physiologically bound up with another variation. 

Another aspect of the same idea is that what 
seem to be new departures in widely separated 
parts of the animal may be really diverse outcrops 
of one deep physiological change. We may have 
thought of this in connection with some disease 
that we have watched : it has very different 
expressions in different parts of the body, though 
it is due to a single slight derangement in the 
normal sequence of chemical events. We may 
have thought of the same idea in connection 
with sex, where changes apparently confined 
to minute and superficial and unconnected parts 
may be, as it were, the correlated outcrop of 
one deep physiological change.^ It is a famiUar 
fact that numerous apparently distant and un- 
connected changes of adolescence are all funda- 
mentally one. Similarly, when an individual plant 
or animal varies as a whole, when compared with 
its parent, this means that the potential individual, 
the germ-cell, has varied as a unity. 

(4) Brusque Variations more Frequent than 
was formerly supposed. — But the most important 

1 " Tlie Evolution of Sex/' by P. Gedde6 and J. Arthur Thomson, 
•^ Contemporary Science SefieB " (18S9). Bevifed Edition (1001). 
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midden emeigencas of qTulitatiTol^ i 

but several cases have been reporte 

katydids may abruptly appear among green onea, 

and short-winged insects in a long-winged nob, 

in both cases without intergradea. Mutations an 

also described among freshwater fishes and among 

medusee. 

When we turn, however, to domesticated ftwiTnftli, 
where we have greater opportunities of intimate 
observation, the case for mutation beccmui 
stronger. There are sudden negative changes — 
the entire dropping out of a character — as seen in 
the abrupt appearance of hornless cattle, sheep, and 
goats, of hairless dogs and horses, of tailless cats 
and dogs. There are also sudden positive changes 
— the acquisition of a new character — sach as the 
appearance of extra digits in poultry and pigs. 
l^ose who have bred birds are familiar with such 
sports, which are often striking. There is evidence 
in a number of cases that stable and successful 
breeds have been established, not by the alow 
increase of minute fluctuations, but by getting a 
big start in a mutation. In many cases, although 
breeding or cultivation has grafted the novelty on to 
a strong stock and made it prepotent, it has not 
greatly increased the magnitude of the quaUty 
which the original sport exhibited. 

Darwin's PosmoN in Regard to Mutations. 
— ^Though Darwin had not the conception of unit 
characters — that is to say, independently heritable 
characters which are handed on intact or dropped 
out altogether — in its modem clear-cut form, he 
was well acquainted with mutations in domesticated 
animals and cultivated plants, and he dismissed 
most of them as not important. In the first place. 
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by a half. In fertilisation, at tiia beginning of 
each new life, there is an intricacy of contbinatioit 
that may be likened to the maJdng of a Uring 
mosaic out of paiental and ancestral contributioH. 
It may also be that in the making of t^e gemh 
cells Uiere is a segregation of antithetdo qualities, 
so that two different kinds of germ-coUs zosolt, 
corresponding to the two sharply contrasted 
parents. It may also be, as Weismann supposes, 
that there is a struggle between rival tmit-char* 
acters in the penetralia of the germ-cells. In . 
any case, there is abundant opportunity for nevl 
permutations and combinations. There are many 
factors which may give the vital kaleidoscope a 
twist. 

There is, however, another kind of variation^ 
when novel features appear, which are qoalitativa 
rather than quantitative, substantive rather than 
architectural, in kind rather than in degree, and ^ 
more than mere rearrangements of previously 
expressed unit characters. What can be said aa 
to their origin ? 

Weismann and others have suggested that 
the stimulus to germinal variations comes from 
the oscillations and changes in the immediate 
surroundings of the germ-cells. They get their food- 
supply from the body, and that food-supply is 
liable to be somewhat variable. It may contain 
a poison, for instance, which seriously shakes 
the architecture of the germ-plasm at the very 
start; but it may also contain some stimulus, 
which provokes ^e liviug germ to a new de- 
parture. 
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have definite evii 
evoked by environmental Btimnlns. 
Very interesting, also, aie the experiments of Br. 

C. S. Gager, who exposed the e^-cells and poUen- 
cells of Onagra biennis to Radium lays, and found 
that plants grown from the seeds produced under 
this influence were very different from the pazenta, 
and that the change persisted to the second genera- 
tion at least. Here, again, there is proof of heritable 
variation induced by environmental stimulus. 

Shortly before his death Darwin began to 
experiment on the possibility of producing galls 
artificially. " He imagined to himself wonder- [ 
ful galls caused to appear on the ovaries of ; 
plants, and by these means he thought it possible 
that the seed might be influenced, and thus 
new varieties arise."' Wliat Darwin just began 
has been carried out with great skill by Pbof. 

D. T. MacDougal. " Among other operations^ \ 
solutions of sugar, calcium, potassium, and zino 
were injected by the use of hypodermic S3fringe3 
into the developing ovaries of Raimannia, one of 
the evening primroses, early in 1905, with the 
result that, out of several hundreds of seeds borne 
by the treated ovaries, sixteen individuals were 
found to be notably atypic, among other char-, 
acters lacking the trichomcs which are so con- 
spicuous with the parental form. These reproduced 
themselves in the second and third generations, 
coming true to the newly-assumed characters,"* 
Similar experiments were made with (EnotJiera 

> " IJfe aod }MUit8 of Chftdoa Darwin," toL ii. p. E17. 
* "Hie Direct Influence of Envinmni'mt," by D. T. Um- 
Songal, in " Fifty Veora of DarwinUm '' {1009). 
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Modifications, or AcQtriBED Csakactebs.— 
We must now ask a very important question. An 
there no other raw materials of evolution besides 
those inborn changea which we call variations and 
mutations, which we trace back to more or lea 
mysterious processes occurring in the germinal 
material 1 It is well known that our bodies sn^ 
change according to what we do or do not do, and 
according to climate and food, and so forth. Does 
this sort of change not furnish part of the law 
material of evolution ? 

Among the observed differences which mark 
man from man, or trout from trout, or buttercup 
from buttercup, there are many to which we can- 
not apply the word "variation." For, apart 
from constitutional or inborn changes, there are 
differences which are impressed upon the body 
in the course of life by influences from without, 1 
such as sun-burning in man or colour in trout ; or 
by use and disuse, such as callosities on the fingers, 
^ese do indeed presuppose a constitution capable 
of being changed, but we can relate each to some 
definite influence, either of function or of environ- 
ment, which has brought about a structural change 
transcending the limits of organic elasticity. We 
call these nwdifuxUioiis, and though they may be 
of much importance to the individuals possessing 
them, they are not known to be of any direct 
importance in the evolution of the race, for the 
simple reason that there is no convincing evi- 
dence that they can be transmitted. Hero the 
Lamarckians entirely dissent ; but they have still 
to prove their case. 
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which are inherited. The contribntoiy acqniu- 
tions + M are not inherited ; but they afe none 
the less factors in determining the survival of the 
coincident variations." LamaiddanB believe that 
useful modifications are in some degree Bomefamee 
transmitted. On the view just sketched the modi- 
fications are the screens oi nurses of coincident 
variations in the same direction. 

We can imagine conditions where swarthiness 
was a character of life-saving value, where the 
possessors of inborn variations in the direction of 
swarthiness were favoured, where those who varied 
in the direction of increased blondeness were 
handicapped. It is readily intelligible t^t those 
who could acquire swarthiness as an individual 
somatic modification would also be favoured, and 
that the acquired swarthiness might act as a life- 
saving screen until constitutional and heritable 
swarthiness had time to establish itself. 

Furthermore, although modifications may not 
be entailed, they may have occasionally important 
indirect influences on the offspring. A starved 
mother may have a weakly child. 

Modification-species. — In the case of animals 
and plants which we do not know except in 
particular surroundings, it is quite possible that 
characters which we credit to inherited nature 
may be impressed on every successive generation 
by nurture. Especially among the more vegeta- 
tive forms of Hfe we find indications, which experi- 
ment will some day test, that there are what may 
be called " modification-species," which differ from 
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GammaruB swims Uncords the light. 

Remove one or two of the metals from « 
water, keeping up the alkalinity, and the « 
urchin egg develops into twins. Raising t 
temperature a little often has the same result. 

Cold slows growth and development, yet tl 
population of floating and drifting animals 
denser in the Arctic waters than in the Tropics- 
a curious fact which Prof. Loeb explains by showin 
that lowering the temperature greatly increase 
the duration of life. There are more generation 
living at the same time. Lowering the temperatnr 
of the caterpillar box may be followed by curioui 
aberrations of colour in the moths and butterflies, 
especially in the direction of melanism (Standfuss, 
Fischer, and others). Prof. Foulton showed that 
the caterpillars of the small tortoise-shell, for 
instance, are for a short time so sensitive that 
those in a white or gilded box have light or 
golden pupae, while those from the dark box have 
dark pupae. 

The influence of diet alone might form the subject 
of a course of lectures. Take the simple but very 
suggestive fact reported by Marchal that a scale- 
insect, Lecanium comi, becomes L. robiniarum when 
reared on Robinia pseudoacacta instead of on its 
own normal food-plant, though the reverse ex- 
periment does not succeed. Or consider one of 
the most interesting of recent researches. Mr. 
C. W. Becbe ' caused the scarlet tanager {Piranga 
erytJiTomelas) and the bobolink {Dolichonyx oryzi- 
vorus) to keep their breeding plumage through 

> Amtriean Naturalitl (1906), vol xUl p. 34. 
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making. Now, it ia evident that son 
are undesirable : they make theii '^posseasoi mi 
able, and his neighbours hardly less misarafole. 
admit that there is an " optimism of p&thology 
unpromising buds may burst into floweis as fur 
they are unexpected, weaklings bend Titans to ib 
will, cripples make the world go round, and those 
marred visage teach us what beauty really is ; bt 
with all the breadth of view that biology will aDo> 
there are some variations on which the verdict i 
history is that they make for retrogression. Evei 
one wishes these variations to die out. 

There are other variations that are unmistakabl 
desirable— in the direction of fine physique 
artistic skill, keen mental abihty, originality, 
socialised disposition, and strength of character. 
Every one wishes these variations to be widely 
distributed. 

Inquiry into the history of good animal stocks 
shows that steady progress has always rewarded 
the mating of nearly related forms, while the 
blending of distant and incompatible types seems 
often to lead to reversionary mongrels. Here we 
have a warning to the thoughtless experimenter 
with his own stock. 

One of the characteristics that should dis- 
tinguish the biologist is an expectancy, an open- 
mindedness, a tolerance, even a reverence, with 
respect to variations ; for these new departures 
on the part of the ever-changing organism are the 
raw materials of progress, and should be sedulously 
guarded. Individuality is often bom, often 
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try to distinguish — and it is of enormous pcactioti 
as well as theoretical importance — between tiw 
expression of hereditary nature realised in normil 
nurture and the individually acquired modifio^ 
tions which are due to changes or peculiaritiea in 
ijiat nurture. The characters of a newly hatdied 
chick stepping out of the imprisoning e^-ahell an- 
in the main strictly hereditary ; but they need not 
be altogether so, for during tiie three weeks befoia 
hatching there has been some opportonity fox; 
peculiarities in the environment to leave their j 
mark on the developing creature. Still more ia ] 
this the case with the typical mammalian embryo, 
which develops often for many months as a sort of 
internal parasite within the mother, in a complex 
and variable environment. And as life goes on, 
peculiarities due to nurture continue to be super- 
imposed on the hereditary qualities, especially \ 
when the creature trades with time, and, by choosing 
its own nurture, creates for itself an individuality. 
(4) The Idea of the CorUinuily of Generatiojis. 
— Another step is the general acceptance of a 
somewhat subtle and yet essentially simple idea, 
which may be called the continuity of genera- 
tions.^ There is a sense, Galtwn sayB, in which 
the child is as old as the parent, for when the 
parent's body is developing from the fertiUsed 
ovum a residue of unaltered germinal material is 

* In his addreoa " Fiftj Years ot Darwinism," Prof. Foulton says : 
" Hie greatest change in evolutionary thought aince the pubhcation 
of the ' Origin ' wm wrought, after Darwin's death, bj the appe«r> 
anea of that wonderful and beautiful theory of heredity, which 
looks om paroiti as the eldor farothor and sistw of Ibeit ohildico." 
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germ-cells it will be present, and from h&U it 
will be absent. " This last phenomenon, whicli 
is called segregation, constitutes the essenoe of 
Mendel's discovery." ' " In this," Ufa. Fminatt 
says, " lies t^e explanation of the facts tint 
hybrids mated together produce a definite [oo* 
portion of the pure forms, vrinch sabseqnentif' 
breed true without ever giving a hint of thrai; 
mixed ancestry." j 

Methods of SruDyrNO Hbrbdity. — In studying 
a difficult problem, such as the weather, liiera I 
are three possible lines of attack : we may make [ 
minute researches, e.g. on t^e tdle of dust in I 
forming fog ; we may make experiments, e.g. on 1 
the change of a cloud into rain, or on the effect 1 
of tree-planting on climate ; or we may collect I 
a multitude of observations of a statistical char- 1 
acter, eg. as to the rainfall in different localities I 
and at different times of year. These are three i 
sound methods, which have been worked with '. 
success. They are complementary, not opposed. 

Similarly, we may attack the problems of 
heredity by the microscopical study of the germ- 
cells in which life is continued from generation 
to generation, by breeding experiments, and by 
the statistical study of the measurable characters 
of successive generations.^ These three different 
methods of attacking the problems of heredity 

' W.B&t«»oii, "llieUethodBNidSoopeof Oenetio8"(Cunbrictga, 
1906), p. IS. 

* It ia of interest to note that Sir Fraacia Galton, who maj ba 
taken u the repreaentative of the Btatistical studj, and Gregor 
Uendel, who waa the pionoeiof the experimeatAl ituil^, werebon 
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BO we must notice the opposite eztieme, when 
the o&pring lepresent something quite new— ft 
novel position of organic equilibrium—a " freak," 
01 " sport," or " mutation," or " diBContiniion 
variation." That these new departures have aome- 
times formed the beginning of a new domesticated 
breed oi cultivated variety is well known ; and 
it is possible that species in natuie may sometimea 
have fuisen in a similar way. 

(7) Menddian Irtheritance. — In typical cases 
of Mendelian inheritance we have to do with the 
pairing of two pure-bred types which differ from 
one another in respect of one or more unit char- 
acters, which may be obvious qualities, such as 
colour and marldngs, or more subtle qualities, 
such as the loaf-producing " strength " of wheat, 
its susceptibility or immunity in respect to rust, 
the broodineas or non-broodiness of poultry, 
the homed or hornless state of the head in 
cattle. 

The result of the crossing is that the " hybrid " 
progeny all resemble one parent in respect of 
the contrasted characters. There are no inter- 
mediates, for Mendelian characters do not blend. 
The offspring of grey and white mice are all grey ; 
the offspring of giant and dwarf peas are all tall ; 
and so on. It is usual to speak of the character 
that persists and is expressed as the dominant 
character, while that which remains unexpressed 
or latent is called recessive. 

But when the " hybrids " are inbred, the next 
generation shows a reappearance of the original 
parental t^rpes both dominant and recessive— 
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some of the results, at first sight, seem paiadozicaL 
Thus, for instance, the blacks always bieed tnu, 
whatever their ancestry may have been ; and tlu 
same holds good for tJie whites. The white tliftt 
is produced by two blues, themselves the piodact 
of mating blue with blue over many generationa, 
breeds as true to whiteness as the white of pun 
white ancestry. A black is pare for blackness and 
a white ia pure for whiteness, whatever the ancestry 
of the bird may have been. Again, it seems at first 
sight incongruous that the mating of black with 
white should give just twice as many blues as two 
blues mated together. 

" We are dealing with an alternative pair oi 
characters, blackness and whiteness. Every geim- 
cell, or gamete, whether ovum or spermatozoon, 
bears a representative of this pair. But it can 
bear only one representative, viz. either blackness 
or whiteness. Hence for this pair of characters 
there are two, and only two, types of gamete : 
' black ' gametes and ' white ' gametes. When 
a black gamete meets a black the result ia a black 
bird ; when a white meets a white the result is a 
white bird ; but when a white meets a black the 
resulting zygote' contains the representatives or 
factors for both blackness and whiteness, and 
develops into a blue bird. Now we must suppose 
that the gametic representative of a character, 
the factor, is an unsplittable entity so far as 
inheritance is concerned. The zygote, being 

I Qftmet« u the technical term for k germ-coll, either egg-eell 
01 tperm-ceU ; zygote ie the teabniottl t«rm for tbe egg-oell after it 
haa beeo fertilised bjr the apena-ceU. 
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would plead what I cannot but legazd as a hjgha 
usefulness in oui work. Genetio inqoiiy urns at 
providing knowledge l^at may biin^ ami I think 
will bring, certainty into a legion of human afiain 
and concepts which might have been Buppoaed !»■ 
served for ages to be the domain of the visionary.'* 
He alludes to liability to partdculat disease, addic- 
tion to a particular vice, and so on, and says : " Aa 
regards the more tangible of these physical and 
mental characteristics there can be litl^ doubt 
that, before many jrears have passed, tihe laws of 
their transmission will be expressible in sinqila 
formulae." * 

Much Progress, but Grbat Unobrtaintt. — 
Especially through the work of the Mendeliaos 
great strides have been made in the last ten yean 
in our knowledge of the laws of inheritance. By 
breeding two pairs of rabbits which, to the ordinary 
eye, seem identical, an experimenter like Mr. Hurst 
acquires a knowledge of their inherent germinal 
qualities (or gametic constitution), and he can 
successfully predict the difference between the 
results of mating the two pairs. The statisticians 
can predict average results in 1,000 offspring ; the 
Meudelian breeder can predict the distribution of 
certain characters in a htter. In spite of this 
progress, and partly because of it, we are confronted 
with an array of unanswered questions concerning 
this most fascinating of problems. In what cases 
are the facts of inheritance clearly Mendelian, 
and how do these cases differ from others that 
seem as clearly non-Mendelian ? Is it the case 

> W. B»t«s(», " The Methods ud Soopo of Qcnetiea " (1906). 
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I 
salamanaers anoia tne most remarKaoie piece ot 
evidence as yet adduced in support of the thesis 
that acquired characters may be transmitted. 

(a) The common yellow and black-spotted 
salamander {Salamandra maculosa) is either vivi- 
parous, producing a large number of larvsa 
25-30 mm. in length with four limbs and short 
gills, or ovo-viviparouSj laying large eggs which 
hatch out into similar larvas 23-25 mm. in length. 
After a few months of larval life in the water, 
they undergo metamorphosis into land-salamanders 
45-56 mm. in length. 

(&) The black Alpine Salamander {Salamandra 

* " The (M in BeUtion to Heredity and Erolutioo." in " Fif^ 
Yeuiof Darwinism "(1009), p. 113. 
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of natural selection (as is implied in the appeal 
of some Neo-Darwinians to " intra-selection,'' 
" genoinal selection," and so on), and that thereEon 
natural selection cannot be regarded as a geneialty 
acting factor. Moreover, the Neo-Lamarckian is 
at Uberty to reply that he does not legaid the 
modification-inheritance theory as applicable to 
all possible cases. 

Importance of Envisonhent and 'Puscnas 
Reiuixs. — Although bodily changes due to j 
chaises in environment or in function may not | 
be transmissible, the importance of these influences I 
remains. (1) An inheritance cannot be realised 1 
vithont an environment, any more than a man I 
whose l^acy was a cheque could make much of I 
it without a bank. (2) Changes in environment 1 
and function, saturating through the foody^ may I 
stimulate the variability of the germ-plasm. Thu 1 
may be the cause of mutation. (3) Li^■ing creatures ' 
are in many cases very plastic, and their modifica- 
tions are often of great individual importance, 
and may even preserve the Ufe. (4) The s&xndary 
eftocts of modifications may reach and influence 
the germ-cells. (5) Every one admits that the 
state of the maternal constitution is very important 
in all cases where there is an intimate connection 
between the mother and the unborn young. 

Selection and Stimulus. — In two other wajrs 
changes in the conditions of life ore of great im< 
portance : they form part of the mechanism of 
selection, whereby the relatively less fit variants 
are quickly or slowly, roughly or gently, eliminated, 
and tli£iy act as a stimulus to the intrijisic self' 
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and InBtinct " (1896), p. 319) : 

" Fersisteiit modification thzoogh many gonerft' 
tions, though not traosmitted to the germ, nererthfr- 
lesB affijrds the opportunity for genninal variation 
of lilra nature. 

" Suppose that a group of plastio o^aniama is 
placed under new conditions. Those whose innate 
plasticity is equal to the occasion are modified 
and survive. Those whose plasticity is not equal 
to the occasion are eUminated. . . . Such modifica- 
tion takes place generation after generation, but, , 
as such, is not inherited. . . . But any congenital 
variations similar in direction to these modifications j 
will tend to support them and to favour the [ 
onanism in which they occur. Thus will arise t 
a congenital predisposition to the modifications I 



m question. 

" The plasticity still continuing, the modifica- 
tions become yet further adaptive. Thus plastic 
modification leads, and germinal variation follows ; 
the one paves the way for the other. 

" The modification, as such, is not inherited, 
t)ut is the condition under which congenital 
variations are favoured and given time to get a 
hold on the organism, and are thus enabled by 
degrees to reach the fully adaptive level." 

Pbactical Import op the Question as to the 
Transmissibiltty of Acquired Characters. — 
It is scarcely necessary to point out that the long- 
drawn-out discussion is one of great importance, 
affecting our whole theory of evolution, and even 
our everyday conduct. Herbert Spencer went 
the length of sa}'iug that " a right answer to the 
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the plasticity ot cbaiacter under nnrtare is a tact 
which gives ns all hope. Explain it we cannot, 
but the tiausmission of the raw material of 
character is a fact, and we must still say, with Sr 
Thomas Browne : " Bless not thjaeU tiiBt thou 
wert bom in Athena ; but, among thy multiplied 
acknowledgments, lift up tme hand to heaven 
that thou wert bom of honest parents, t^t 
modesty, humility, and veracity lay in the same 
dgS> ^^<^ came into the world with thee." 

Three General Conclusions. — (1) The study 
of inheritance is apt to leave a fatalistic impression 
in t^e mind, and to some extent this is justified. 
We cannot get away from our inheritance. As 
the poet Heine said, half laughingly half bitterly : 
" A man should be very careful in the selection of 
his parents." On the other hand, looking forward, 
we may change the word " parent " into " partner," 
recognising that a good inheritance is the most 
precious of all possessions, and that it should be 
guarded from mixture with bad stock. 

(2) But, again, the conclusion is strongly borne : 
in on us that a good nurture is the necessary comple- 
ment of a good nature and the individual corrective 
of a poor nature. 

(3) If there is little or no scientific warrant for 
our being other than extremely sceptical at present 
as to the inheritance of acquired characters — or 
better, the transmission of modifications — this 
scepticism lends greater importance than ever, on 
the one hand, to a good " nature," to secure which 
is the business of careful mating ; and, on the other 
hand, to a good " nurture/' to secure which for our 



PACTS OF INHERITANCE 



177 



children is one of the most obvious and binding 
duties : the hopefuhiess of the task resting especi- 
ally upon the fact that, unlike the beasts that 
perish, man has a lasting external heritage of 
ideas and ideals, embodied in prose and verse, in 
statue and painting, in cathedral and university, 
in tradition and convention, and above all in 
society itselL 
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CHAPTER VI 

SELECTION: ORGANIC AND SOCIAL 
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had come across approaching philosophical biology. 
He thought of what Malthus had said regarding 
the way disease, famine, and war keep down the 
population of savage races to a much lower average 
than that of civilised peoples ; he thought of the 
similar elimination that goes on in the animal 
world, and it occurred to him to ask the question, 
" Why do some die and some live ? " " And the 
answer was, clearly, that on the whole the best 
fitted live. From the effects of disease the most 

> I!.g. bjr ChturiM WeUt, Patrick Mfttthmr, Jmim CowIm Prichud. 
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Darwin's, was at least subconsciously in the mind 
of both Darwin and Wallace, and gave spring to 
the theory which they projected upon nature.' 

Daewin's Position. — Let us try to understand 
Darwin's problem. His studies as a naturalist 
had made him acquainted with a large number of ' 
animals and plants, and two facta had especially \ 
impressed him : first, that the various kinds are I 
suited to the niches which they fill — suited often J 
as hand to glove ; and second, that in many cases 1 
the various kinds are closely linked together by 1 
resemblances which evidently mean blood-relation- 1 
ship. What Darwin wished to get at was a theory j 
of the origin of one species from another, and a I 
theory of the origin of the adaptations with which J 
the world of Ufe is full. He found the answer to | 
both bis questions in discovering a process actually j 
at work — Nature's sifting of the changes that crop I 
up. He defined it as " the preservation, during 
the battle for life, of varieties which possess any 
advantage in structure, constitution, or instinct." 

' Following BoooQ, we may draw a useful diatinction between 
a Bcicntific theory in the etAge of suggoetioa — an anticipation of 
nature, and a scientific theory in the stage of verification — an inter- 
pretation of nature. In the stage of suggestion the theory of 
natural selection was in greater part socioraorphio : but it passed, 
by Darwin's careful workmanship, into the stage of verification, 
and it should bo remembered that the validity of a scientific theory 
is not affected by what suggegtod it A theory ia to be estimated 
by its power of formulating a definite order of facl«. 

At the same time those who intii.it on using the formula of natural 
selection in the interpretation of human alTnira, and who call it 
a biological formula, must remember the hisUiry — that it was from 
the human domain that the suggestion of the theory came. Per- 
haps there is some supplementary suggestion from human s ociety, 
equaUy vahiable, which no Darwin has yet ariiien to appreciate. 
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pdnted oat that the sodal, iion-Arbo>«a] >-Kt 
the mode of oooing, and other dhanetm t, 
dfunestio pigeons, point to Cotumba Una; Ihi 
this biid has a wide range of distzibalaoat tli 
it is very vaiiable in phimage, easily tanM^ fgi 
actoally domestioated ; that all zaoes of dogHiIJi 
pigeons aie fertile when crossed, and tiuir off 
sjoing are usually fertile— two bets which pobt 
to one origin for all ; that all domeslao |HgeaiB 
tend to revert to the blue rook-pigetm ; and 
BO on. 

In the same way, as is well known, Damin] 
brought forward evidence that all the breeds ct 
poultry — ^Hamburgha and Dorking Bantams and 
Silk-fowi, and all the rest of them— are '^^'y^widfwl 
from the jungle-fowl, Oallua (otufctvo, whioh 
still found wild in some parts of India and thv 
Ualay Islands. There seems to be evidence that 
the jtmgle-fowl — which our gamecock most nearly 
resembles — ^was domesticated in the East before 
1400 B.C., and was introduced into Europe about 
600 B.O. The clear cases of pigeon and fowl were 
backed up by more difficult cases, such as those 
of horse and dog, where it seems almost certain 
that the domesticated breeds have arisen from 
teverai disHnet wild species. 

At all events, Darwin proved, up to the hilt, that 
t^e breeder is a tranaformist. Circe changed men 
into pigs ; the prehistoric breeders made a wolfish 
creature into a trustworthy guardian of thai 
Bocks. What is the method 1 The breeder can- 
not create ; he waits for what turns up, and thm he 



within battle must be continually tecnniim^ ^ 
Taiying succesB; and yet, in the long nut, ti 
forces are so nicely balanced that the mezeat tzil 
would give the victory to one oiganic being on 
another." 

(3) The theoiy continues, that, if vaiiataons oocn 
in the direction of increased fitness, and if tb 
variations are heritable, and if there is discriminati 
elimination with reference to these variataona 
then the possessors of the fitter variations must be 
favoured with longer life and larger families — with 
survival, in short. And if this is kept up con- 
sistently, then now adaptations, and, with the help 
of isolation, new species, will arise. Those mem- 
bers of a species that are handicapped will become 
a minority and eventually their type will be 
eliminated. Those that have varied so as to be in i 
any appreciable way favoured will become the \ 
majority, and eventually the type, of the species. 

A little reflection will show that there are two 
main modes of natural selection. It may produce 
ita effects by the discriminate elimination of the 
less fit, or by the increased and more effective 
roproductivity incident on the success of the more 
fit. Those two modes are sometimes distinguished 
as Lethal and Reproductive Selection respectively. 
In both cases the fitter members of a generation 
contribute more than the less fit to the next genera- 
tion. If we regard sexual selection as a special 
case of natural selection, which seems the clearest 
view, we have to include extreme cases like that 

' " Evidence tit Natural Selection," by E. S. Ruucll, in Rivitia 
di Sden^ia (1006), toL iii. 
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Illustrations op Natoeal Selection. — ^In tl 
1858 essay Darwin gave the foUowing im^nai 
illustration. Some dog-like animal lives on rabtuti 
and on hares, when it can get them ; the rablnt 
become scarcer, and the haies more plmtiful, a 
the carnivore tarns its attention to hares ; thoai 
carnivores that varied in the direction of swiftnea 
and sharp-sightedncss would get on best, would be 
more successful as regards numbers and vigour oi 
offspring ; in a thousand generations there would 
be a marked efEect — as surely, he said, as grey- 
hounds can be improved by selection and careful 
breeding. 

Many insects in Madeira have reduced and 
useless wings, or none, while their alUcs in Europe 
have them well developed. The Darwinian inter- 
pretation is, that as Madeira, like similar islands, 
is exposed to sudden gales, the flying insects have i 
been blown out to sea, while those that varied in 
the direction of flightlessness have survived. It 
is easy to make fun of this, as Samuel Butler did 
when he said it was like explaining our own 
presence by the fact that our cousins, uncles, and 
aunts had gone away. A little reflection, however, 
will show that the theory fits the facts, and our 
confidence in the interpretation grows when we 
find that other exposed and wind-swept islands 
agree with Madeira in having flightless insects. 
Thus, in the stormy and shelterless Kerguelen all 
the insects (including a moth, several flies, and 
many beetles) are flightless and most are wingless. 

Many Arctic mammals and birds — such as fox 
and falcon — have a beautiful white colour : what 



realise in Bome measuze the univezsal 

of those detailed fitoesses of Btructoie and fanction 

which are called adaptations.' The general idea 

* W* DM tha wocd adBptkUtxi to azpnn « remit Bahiand ; it ii 
■nwwtiiiM nad to njmn tbs jtoo— of naohing that naolt. 
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To illustiate adaptations WeiBHUum ta^8» fit 
instance, the whale-tjpe among mammals^ an 
zofeis to " the fish-like form of tiie body, Hk 
hairleasnesa of the skin, the tranafoimaliott o 
the fore-hmbs to flippers, the disappearanoe a 
the hind-limbs and the development of tail-flnkfli 
the layer of blubber under the skin, which af&ndi 
the protection from cold neceasaty to a waim 
blooded animal," and so on through a long list. 
The whale is a great bimdle of adaptations to 
a mode of life which is pecuhar for a mn.miwftl 

Whether we take actively fmictional parta^ 
such as OUT own hand, or passively functional 
structures, such as a feather; whether we tain 
obvious features, such as the typical spindle-Iike 
shape of fishes, or more recondite features, such aa 
the structxure of a bone ; whether we take mimiczy 
or migration, " wherever we tap organic nature," 
as Romanes said, " it seems to flow with purpose." 

Natural selection is the theory of the indirect 
coming about of this wide-spread purposefulness— 
the possibility of variations in the direction of 
fitness being granted. Lamarckism, which assumes 
the hereditMy accumulation of functional and 
environmental modifications, is a theory of direct 
adaptation— ^)n the whole simpler than the selection 
theory, but suffering from the serious disadvantage 
that its fundamental assumption is still without 
cogent evidence in its favour. 

Birds' eggs are of diverse shapes, and we know 
in some detail the actual factors which determine 
these. We also know that individual variations 
in the shape are not uncommon. We can under- 
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the mean viiiub ui uue cuaiauwir IS uoi. uuaiigea, 
but extreme deviations from the mean are lopped 
ofi. " Periodic selection " can be detected by the 
decrease in the range of variability. 

Measuring small specimens (10-15 mm.) of 
shore-crab taken from Plymouth Sound, in the 

1 "Proo. Ro^al 8oo." (1895), toL Ivii. pp. 360-79. Also NtUvrt 
(1898), vol Iviii. pp. 499-C06 and 595-6. 

 See " The Evidence of Natural Selection," b; E. S. Ruawll, 
io Siiitta a Sdtiua (1906J, voL liL 
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